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caters] m&%tmm&m<D&ttmm<&3k¥ii.* mmmmo&mizmv 

[ff^S9] ^fc<£fc-»©i&i2#8ttfcffiJStt, Gabor wavelet£& & 

?f e> z. t. zmmt -r*» 2 teas*©,** - >^m^s D 

Z-yiz&^x, &rt)i*izmm<nffife^m&mmftizm%^frxtf&&-r2>fr 

[1^12] trrfa^^mjstt, ^»»rt©#4#«ttffiiR^ic#ififbT 
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-yfe&mm* ' 
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miss, 

i: ^mW^-t Sftatg 2 6 tc3E«©A* - >=^m^«o 

m^tf>tfjiB#! ! JiJs©4>& < i: * 1 ocDtfffH— 3. - n ym^-^. mom&m&o) 
-x.-uym*frt>&j]2ftz>svi*m^tf. Bmmm<D-=L-uym^-<D^:n 
^nizMLxm»^nr^iy^^^u^mR^mmmm<D~^-uym^iz^m 

%m&m<v-^-vym*<D^n?niz®m(D^)\s*&i8is7 h**-^*. 

S 3 t. t -r -5 - a - <y ft * y h 17 - * ms^o 

[»#£3 0] ^a*f*Hf#$:**)i-'fB#S:if^«2 9 fCi3«<Z>-^ - ^ 

£ EHur-*- sit?: tn mmmmmmo 
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m&m 3 2 ] m&m s i izmmv a $-y%i&fimz&-o xmmttmm 
m<Drtz-y£Vffife(D^*-y$:%i&Lt=.ffimizm^g. mmfthmftMmmn 

A^f $ ti £ §ufH A # - y j^e> #«tft ffiJS ic J; y ©#m & tt m L , 

iff f Bft&tt£- M frh<D&Ji*%:VX tc «fc *J »f5£ © * ^ 

[|gi£©i¥«M] 

[0 0 0 1] 
[0 0 0 2] 
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[«*©S«] 

, J&it^Z^fmtiiLFMBMm-J'UlZv-V- (SIMD, MIMDV>>>^) iCfcUH 
[0 0 0 3] 

©#ffl if »c <fc « MM(D^¥)vmm £ £j£##*f LT#«~>ti<5 @^BHRg9 

(Sirovich, et al., 1987, Low-dimensional procedure for the character izat 
ion of human faces, J. Opt. Soc. Am. [A], vol. 3, pp. 519-524), ^iJ<7)# 

9 >^{C iSiHIIffi?:!?^^ (Lades et al. 1993, Distortion 

Invariant Object Recognition in the Dynamic Link Architecture, IEEE Tran 
s. on Computers, vol.42, pp. 300-311) „ A7JH#&C$T5t£>^#!&fT o X&M 
, @<E, ^^r-^/^SEft^^&^feSblC^^ilCOM-^&ff (Seibert, e 
t al. 1992, Learning and recognizing 3D objects from multiple views in a 
neural system, in Neural Networks for Perception, vol. 1 Human and Mach 
ine Perception(H. Wechsler Ed.) Academic Press, pp. 427-444) ^^^>-5„ 
[0 0 0 4] 

HLXlt. mm^y^ly-b^V^y^^no^m (*ft4*l©60-712-54fc*, Fu 
kushima & Miyake, 1982 Neocognitron: A new algorithm for pattern recogni 
tion tolerant of deformation and shifts in position, Pattern Recognition 
, vol.15, pp. 455-469) , *V ± ^ v V J\/—r A > ^iSISKMHJC J: *J *f4fetf»4> 
GD^>r-;b, ^fi^^ft^JH$r#T^?C)^^ (Anderson, et al. 1995, Routing 
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v. 

Networks in Visual Cortex, in Handbook of Brain Theory and Neural Networ 
ks (M. Arbib, Ed.), MIT Press, pp. 823-826), ^(Di&^M V U >, Wi 

=gSj^S9IS[ (Radial Basis Function)*-/ h rj _ # & £ £/g Va£#&#& Z> B 
[0 0 0 5] 

&?Te>WSim!M^;i/|gi&«^£*lTVA 3 "(Murray et al., 1991 Pulse-Str 
earn VLSI Neural Networks Mixing Analog and Digital Techniques, IEEE Tr an 
s. on Neural Networks, vol.2, pp. 193-204. ; #iHf¥7-262157-i§-£:#, 4#H8¥7 
-334478#<&$g, #§€¥8-153148#^, #fF 2 8 7 9 6 7 0#<&#&£) o 
[0 0 0 6] 

O^mULXlt. M^Ai7(linking inputs) K± (feeding inputs) &fffii 

£ bfeEckhorn^fC .kZlSlX (2#c£Lh) OD^E^;!/ (Eckhorn, et al. 1990, Fea 
ture linking via synchronization among distributed assemblies: Simulatio 
n of results from cat cortex, Neural Computation, Vol.2, pp. 293-307), BP 

a^x^wmjmo^t, pcNNtm-t) zm^t-tttf&z (usps, 

664,065, & Broussard, et al. 1999, Physiologically Motivated Image F 
usion for Object Detection using a Pulse Coupled Neural Network, IEEE Tr 
ans. on Neural Networks, vol. 10, pp. 554-563, tStif) „ 
[0 0 0 7] 

vpZ>/Vlxmt}-3.-ny<DT Kl/^S:>r^> hMMWl-eft^k-tZJim (Addr 
ess Event Representation : AERt^^) tf$> %> (Lazzaro, et al. 199 

3, Silicon Auditory Processors as Computer Peripherals, In Tourestzky, D 
. (ed) , Advances in Neural Information Processing Systems 5. San Mateo, 
CA:Morgan Kaufmann Publishers),, 3. <Z) kfc, ^Jl^ifHtlM^ — — U y 
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&KCD-3.-ny<DT KU^SreKfWtc^ii- KtSit^tS. 
[0 0 0 8] 

K ?SM -T £ :£ S£ # o & . 
[0 0 0-9] 

[0 0 10] 
[0011] 
[0 0 12] 

[0013] 
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[0014] 

[0 0 15] 
[0016] 

->$:A^t-SA*#ISi:. «»©fe#*&JIifry-&fit;*., itflEA^m <fc U AiJ 

jsnt^-©/^©-^^ m^^ra«5H«tcAij3*ifc*«©^^^f5#©arifi^ 

WA * - y jc/S £ m# u ^;i/T*A;i/;*f9# £ ft^f s ^ £ £#$5: £ t* -5 „ 

[0017] 

Afj^mt. mmAjj^mi: »; A*atifc^*->tc^*4xsm^©^*->s: 
a * - > *x © & arm -r s km *: , m sa#8ttfe m m # e> © m ts & 

Tm^©4$«*fettA*->©#^t-s(i«ft'#S:ffi*r*4#«M«ffiMi:S: ' 
[0018] 
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mmmm<D-*.-uym*frt>tiii]2n2>rtjvxm^iz. mmmmo)-^.- 

[0019] 

mmm^-zm^x. AJizntz.mzrtz-y\zn^Tmfe<nmko)mmzM-tz> 

ft^mzts^T. mmmm(Dm^mm^<D^r^t)K mmAtt®zr=.izm<Dm^ 
Mmm^-fr (DAjjizj&vT, Mizmnm-^f&mm^-t. r=. it^mz^^^m^ & 
ffi^u mmm&vm^Mmm^cDffifev-gw. m^mmmm^izAti^nr^ 
mw«D j-vb x <d mm mm a * - > jc & c r=. m ± u ^ ^ * & as * i- 

[0 0 2 0] 

[0 0 2 1] 

<» 1 ©i£]&g7M> 
[0 0 2 2] 
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fill ^yHi'M/'fXO^iajS^tt, ^a-D>©HMlIiai. 
[0 0 2 3] 

;^->f tliWh a tlSltWh e r elS|[:i »JM$ti.§ 0 What 

m^itMm^t^tm^^m^m^^<DMmmia)ic.m¥'r^mm^. whe r e 

tt*f ft * &#^<Z)ftg (Kg) ic k -r & & ± L T Wl o . 

[0 0 2 4] 

Wh a t |£g&taV^*3>£Convolutional* y ^ r; _ ^ (LeCun , Y. and Beng 
io, Y., 1995, "Convolutional Networks for Images Speech, and Time Serie 
s" in Handbook of Brain Theory and Neural Networks (M. Arbib, Ed.), MIT 
Press, pp. 255-258) fc^LTWS. <BU mm&ftV>mmffi&lZffij5.%S&Zte 

[0 0 2 5] 

Iff, if) ^^^btisis^TccDT*-* SrA^-rs^o-e^oT 

=k£V^ ^-^A^J/flOm, _tfH 2 ^tC^iiCD^- # A* . 
[0 0 2 6] 

102 (d ,o , (1,1), (i ,n)) tmmm&mio3 ((2,0, (2,1), 

(2 ,N)) hi$3b& a 
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[0 0 2 7] 

S30(B#fflttft£titf (1 ,0)tt, Gabor wavelet^ft if. \Z J: *J , -r-^A^JflO 

i * y a* s nfcw« a * - y ©m»^m©#i (»fa^tt#»©sa^ja; 

[0 0 2 8] 

#^^-Mi03(2 ,o)ii, ^KoflfSfclfii^^^a-^ioe&^-rs. 

[0 0 2 9] 

' «»B*T?fcS##imffi«l02 ((1,1) , (1,2), (1,N)) 
m.m&Ml03 ((2 , 1), (2,2),-, (2,N)) tt, • **l^*l^WtCj:»J»#L 
fem^©S^»«5t%#^, _h^bfe#JSi:l«f«(CBff# ((1,1), -) «, # 
4#»«m^^a-^i04tcfev^Ta»©MJ&«4fa©tftffiS:ffv\ ^# ((2,1) 
, -) tt, l&©©4f««ffiMi02^e,©a»4#«CM^*ttffi3e^(Z)»^&ff"5 
&<Z>T*, #'ISiK^Mi03(2,O)i:ra«l<Z)*«2i#3tS:^"r<&. 
[0 0 3 0] 

WhereijSB&KIli, fflJS 107 ((3,0), (3,k)) tf&U, 

[0 0 3 1] 
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) , RZ$t/i-7xm$&S2Q2V$>2> 0 02® (A) T?l±, <MS) 
flute (N) C^Sg^&^i-S^ISiK^(ttai)IIHllS<D~i-n>fP (ni) 

[0 0 3 2] 

@»s 202 fcUTtt, IKM^ (4#Stftffl*i02±(Z>-a-n>i:4#IS 

[0 0 3 3] 

m^mo^ir niz & ^x z z\ £&x% z . *mM&miz&^x&, 
^^M-a-ias&s202$:, £izji;\,*<D&m&mm*£.L'zmi<\ m^awmi*. 

[0 0 3 4] 

>) fcffi^U ^&-T'g>$l&, ^t>^^integrate-and-fire§5[© — 3--n>^^- 
&ffl^T^£„ fcfi, -02© (C) iZ7*-t£olz, */-j-7xm&£. — =L-n>m 
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[0 0 3 5] 

Wher eM!^W©##iS[^«^ffij*107li, Wh a t «|&©4#3SSfr£«103© 
tfi^&SWT, ^-#A;frMlOl±(Z>&g|»^££y#U I<t>^'J>^Sft 

7 4 )l*Vylfte£lZ£VJ&&-f2> a Wherel»i±fii 
tC» ^ -T ■t-S^Sr^'T 5. WheregRWO^IBII©- 

[0 0 3 6] 
[0 0 3 7] 

Wh e r e«»<Bte©ffi:fcJgJ»£l/Ttt, #Miffi* ( 1 , 0 
ffi) KBrrsfilSSS:, *J:&JI C&tf *I8J©#») Jc v * T %» *> S S 

[0 0 3 8] 
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tf>£ integrate-and-f irena.- n > LTfcSSg^T^Wt L £. feCDT\ K± 

ate-and-f irenzL — O HI 
[0 0 3 9] 

EI2© (B) li^i-n^^^-i: LT©A;i/^5g^tmi^ (CMOSESI) 
ftmm*m^m*m&(D-'M$:mLT^2> a ^©ISKCIEEE Trans, o 

n Neural Networks Vol. 10, pp.540) &fi£©0 S. .irttt, AiJ £ 
LTJPii^[4<!i^$Jf£©A;fr •£ ^fl) £ L/TfliE££ tlT ^-5 0 

[0 0 4 0] 

A$/*Ci;&tf«tfiR 1 I3K©«r3£»tt, ^^^^ C2OTiR2»l|S 
««k*J/hS<, SMItlt 4 7>^X3!T1, T2, T 3 tt36»rS*lTH5 

5. 

[0 0 4 1] 

$,j]ZfrZ>o ^ ^ C 2 © Ili^ft^ t 5 t , h^>^#Tltt 
[0 0 4 2] 

y, — 3.-n>ttiS«:u3&v>. ^-vAi/^ci, c 2 (D^s.^mno^mv 
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[0 0 4 3] 

3r*r?S/*<Z)m&, t£oTm?WK*tt, «^«J±f!lWllIi^ (NpR3iSM*M« 

(B) <Z>M^B5ifcicfB^) S:»4t5. 
[0 0 4 4] 

i-s^-x^-^^^-n>^^#»ffijf-3.-n>^©A^;$:M'ffii:-r^ 

[0 0 4 5] 

;i/*ips&£0 ^a^a-n >©M#ftic<koT^bL, 

[0 0 4 6] 
[0 0 4 7] 

fSBa»ft^& , Mv^S3fcK: J: y»^nSA*©^?D#*«BlfflS:jl8^.fci: 
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[0 0 4 8] 

-=L-uym*<z>Mf&tL lilt #«fctfeajMl02*fctt4f«ltjK^Sl03tC«"r* 

ia-n>x^oT, ^m-T£^-**-#— rL-n>©m^;^-r ^ y*f\zm-3 

iBifc&gttfcft 3I-a-n>*\ tm<Z>»©g£S^e>gtt5A:27l/'<;b ( 
®^^^*«A*S*isiSfett, A*v^;i/jcjSl5T#— a-n>tt2v^ic^ 

[0 0 4 9] 

>K (#«fcffi»102fc#|ftiffi^J&103eB|SI) OffiS^t^-yh^-^^t^ 

Kfo c ^#^m-^. - n > ©m^A;^©^** >r ^ > snsj: 

[0 0 5 0] 

&c »r m iz •?z>£5mm<pfri m&& & mm v hp v ^ t> n> s squash i ng 

a 0 ;i/ x iPS^m -e © SE-f fc £ & £ T-fe i: T? /\° ;i/ ^ ffi & *f ? . 

[0 0 5 1] 



1 7 
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So 3 $118 teGabor f i lterjc <fc U §£3^3 r t. tfT'g Z> e J^T, #«tft 

[0 0 5 2] 

[0 0 5 3] 

Gabon* x-^Uy Mi, J^T<Z>5£ (D Tf-£*. J: ^ IC, — Jt©*^ 

x-yt>y hi: U-Ci<Z)7-f;b4t ©-fey MiSv^cM(Z)WM^$:^U £ £ 

^j^T^S (J,G.Daugman (1985), Uncertainty relation for resolution in s 
pace, spatial frequency, and orientation optimized by two-dimensional vi 
sual cortical filters, Journal of Optical Society of America A, vol.2, p 
P. 1160-1169) „ 

[0 0 5 4] 

a~ m 

gmn (x,y) = 2nOjp eXP '■ hmn ^ x,y ^ 



ham (x,y) = — 



1 



(xcosfln+ysinfln) 2 , (-xsinfln+ycosfln) 2 ] 



2 

i2zW(x cos0 n +y sin0„) 



(1) 



[0 0 5 5] 
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TfOH, 3 01, 6 0E-9 0E 1 2 0E 1 5 Oi©f$:t ( J, a& 2 £; L 
, mtt 1 fr£ 4 $LT*<Dte$: lt^5„ 
[0 0 5 6] 

;i/#tf>4#'ft£/£#>£A^* -# a x , a y , £J:t>\ al^-'Ji^^f > , 
[0 0 5 7] 

W2] 

= {-(a-l)U H > 
" {(a+l)V21n2> 

<j - tanf * ) ^-^ ln2 ^ (2b) 
\2W 7(21n2)Ul-(21n2) 2 a u 2 

a = (3) 



[0 0 5 8] 

, Gabor?x-:7l/y h ftS. HP*>, 
[0 0 5 9] 

W3] 

W„m (x,y) = f KxwyOgLXx-Xuy-yOdXidy, 

= Amn (x,y) exp UP™ (x,y)} 

[0 0 6 0] 

diJClttA^HflR, W mn «Gabor?x-:/Wy h&&fiMRT?&*. W mn (n=l,.. 
,4; n=i,..., 6)©t *; h h^t ITMT?*«)S. ' ** tt«3R^!S:S: 



(4) 



1 9 
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tSIil^t. £©J:3JCLT4$IRtftffiJff(l , 0)<Z)#^-n>&, gmntc^f 
j£-*SM#«3g&^U ##M#«»i:B«7 s -*fc©8^A:&&tfoT»& 

;i/*ffi#£^e> 0 3©^, r<z>« (1,0) £fls<z>ffi;£r£ LT, 55 (4) ©Gab 

or wavelet^ltffftotlfel £{ZteZ> a 
[0 0 6 1]. 

^M©#^'m« ((1 , 1) , (1,2), (l,n)) <D&-x.-Uy 

mm. * v n *> & & Hebb^ wi'j^ iz^vmrntZo & <o m s if m & f? e> m 

: shunting inhibition) <Dt£&&tfcm<DMft±^&^*X&ft-& &$l3iWim& 
[0 0 6 2] 

#cic, w«jk-^j»103 ((2,0), (2,1), •••) (D-=L-uy\z^>^xmm-t 

z>o muzB?tB<&mikmMio2 (M*tfu,o)) ^e>#«'jK^*io3(«Atf 

(2 , 0))/\©*g-&tt, ^^#^t^-^-n>(7)^WW(C^)^Brf©CD#^m 
[0 0 6 3] 



2 o 
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[0 0 6 4] 

7£ic, 2r^^S^^^->^yN°;i/^^F#fb^^m^^{covNT§iH^t-eo 0 3 
tt, 4#l»jK-&Si03^e)«F«ttffiSi02/\© (Ma-tf, Hi©S(2',0)*>f,S(i 
, i AVb*fg#©teit©^^£^^iftc^b£ig^&£ 0 

[0 0 6 5] 

#3fciffi^«103fl[|©£.-3.--n>n i ( ni ~n 4 ) fcfc, ^tl^tlM^^4t^t* 
[0 0 6 6] 

b\ -e©^i:bT, »Uv^ >301$:^rLT^zL-n >n' jtca^*^;!/ 
x^rjPjtt, #M^«i03(D#-n.-D>^e>A;i/^ffi^^^$ti^l5g 1 ;, 

[aot^^s^t^^toiiiiici'j, mje<&jE# c&tfisrite) tc&o 

(03© (A) P 4> P 3> P 2 ,P 1 ©jlKtCSI*"rSi'4:^S*lTV^S) 

o 

[0 0 6 7] 

H3© (b) -a— a- n ^ y^m^^m^xnm 

i*ft?nm&z>mn<D!&fflizm~?) &<b, u,k+n ±©&-B#««itti 

[0 0 6 8] 

603 (n p )«, H-©£&»&7gj£b, ^oM^SliOM^MffitSMtai 
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iff (^fcttA^J*) ±©-3.-n>601^?><Z)||*ffij|g#S:gWS. fLT, 

aworasmtt ct e> tciwtarr s fc^o sm^ 

[0069] 

#4fatftffi-3.-n>602T?ti, ^tf>A;fr$: h U LTSv^c 

[0 0 7 0] 
[0 0 7 1] 

JS#-^(l,k)lc*>S^-^^-* — a.-n>603tt" (kttOJK±©»») > AVI/ 
«H#(2,k-i)<D##»-^m, &tf-t<z>^-x^-3{;-a-n>6 

03^Mte#^ajicisa (»*#-(i,k)) fcffi^j-r^r ^(cj: #^mm 

BPt), ^-^^-^-3.-n>603li#^-^M^^©A°;i/^ffi* 

[0 0 7 2] 

JS## (2,k) (n x ,n 2 ,n 3 ) Jg## (1 ,k+l) ©#$5[*fcffiJStf>K 

>i^-A^jJi (If^d.k) )^e>©A*K:«fe»;+^&U^K:?Si&«fifc^J:# 

2 2 miE#2 0 0 1 - 3 0 6 0 1 6 4 
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[0 0 7 3] 

*mmmmx*i$, znftmm&MMte. *©irj©M##a,k)©#M?ffiJS± 

[0 0 7 4] 

it A X ^ >r > & if © £ it o T 4$ft & mfflft IC ^ f S . Z.<D\%<Drt ;i/ 

* © # isi»_L © m # * , . 4$t&tt mmm © & mm± iz&^r mm -e l & a ;i/ x a 

P r P 2 . P 3 ) tc J; U^-To 
[0 0 7 5] 

^MffiMfc^T^;!/* (P P p 2 , p 3 ) -0© 
{£, ^WO^THI^Sit LtA>^{BA (P d ) #&$*i£o 03 

© (b) jc^Lfc^w^©^raj»i:tt, «&-e3fcwr-s^wa!i&^ff-"r«ie^#flg 

[0 0 7 6] 

H4 1±, ^^-^^tams^s^^^-rnfTfe^o 04© (a) ?s-f--7*m 

^(^(SplC^T, — a. — D >n j(DM'a5fe"2rS> -S>#— -3. — D >n' i/ -f zf 7. 
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